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In the visual perception literature, the recognition of faces has often been contrasted
with that of non-face objects, in terms of differences with regard to the role of parts,
part relations and holistic processing. However, recent evidence from developmental
studies has begun to blur this sharp distinction. We review evidence for a protracted
development of object recognition that is reminiscent of the well-documented slow
maturation observed for faces. The prolonged development manifests itself in a retarded
processing of metric part relations as opposed to that of individual parts and offers
surprising parallels to developmental accounts of face recognition, even though the
interpretation of the data is less clear with regard to holistic processing. We conclude
that such results might indicate functional commonalities between the mechanisms
underlying the recognition of faces and non-face objects, which are modulated by
different task requirements in the two stimulus domains.
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In the visual perception literature, the recognition of faces has often been contrasted with that
of non-face objects. While object recognition has been characterized as being part-based (e.g.,
Biederman, 1987) the processing of faces has been described as being more holistic (e.g., Farah,
1996; Farah et al., 1998). The precise meaning of ‘holistic’ is a matter of debate (e.g., Maurer et al.,
2002; Piepers and Robbins, 2012) but in its most extreme form it implies a representation of faces as
undifferentiated wholes, or templates, which distinctly differs from the part-based representation
postulated for objects. Such an assumed dichotomy between face and object recognition based on
the nature of their putative representations has been particularly prominent in an early model by
Farah (1996). It proposes that object and face perception are functionally independent and only
share a stage of early visual processing. More recent variants of this model (e.g., McKone and
Yovel, 2009; Piepers and Robbins, 2012) acknowledge the potential contribution of parts to the
recognition of both objects and faces but continue to confine configural and holistic processing
to face-like stimuli. In this paper we will discuss recent evidence from developmental studies that
question Farah’s view by highlighting the role of configural and holistic processing in non-face
object recognition. We will review findings of that work and compare them with corresponding
results in the – far more extensively studied – domain of face perception.
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CONFIGURAL OBJECT RECOGNITION
Configural processing can be broadly defined as “any
phenomenon that involves perceiving relations between the
features of a stimulus” (Maurer et al., 2002, p. 255). In the
context of object recognition it is therefore equivalent to
the processing of the relations that hold between the parts
or components constituting an object. The importance of
part relations has been highlighted in Biederman’s influential
Recognition-by-components (RBC) model (Biederman, 1987,
2000). According to this model complex objects are encoded
as spatial arrangements, or configurations, of basic parts that
come from a restricted reservoir of elementary shapes, the
so-called geons. Geons are defined by categorical contour
properties (like ‘straight’ vs. ‘curved’). Similarly, the spatial
configuration of geons is encoded in terms of certain categorical
relations (like ‘larger’ vs. ‘smaller,’ or ‘on top of ’ vs. ‘besides’).
Furthermore, Biederman contrasts coarse shape differences in
terms of categorical properties with more subtle ones arising
from variations of continuous, or metric, attributes. Again such
attributes can be either part-specific (example: a part’s aspect
ratio) or part-relational (example: the distance between two
parts).
Numerous studies on object processing by children and
infants have been inspired by the RBC model. Most have
focussed on the status of individual parts. Here parts have
been shown to receive particular attention in the analysis
of shape similarity (e.g., Tversky and Hemenway, 1984;
Saiki and Hummel, 1996) or when categorizing or matching
objects (e.g., Madole and Cohen, 1995; Smith et al., 1996).
Whether the early primacy of parts in visual processing
reflects a peculiar status of geons has, however, remained more
contentious (cf. Abecassis et al., 2001; but note Haaf et al.,
2003).
Unlike for parts, until recently relatively few studies
considered the processing of part relations within the RBC
framework. Mash (2006) examined similarity judgements of
novel objects consisting of two parts; one of these parts was
manipulated in terms of its cross-section (i.e., at part-specific
level) and its location relative to the second (i.e., at part-
relational level). Young children were found to have a strong bias
for classifying objects on the basis of part-specific information
only. With increasing age, participants came to use both part-
specific and part-relational information in their classification
judgements.
Jüttner et al. (2013) asked children aged 7–16 years and
adults to judge the correct appearance of familiar animals
and artifacts that had been manipulated either in terms of
individual parts (for example, by exchanging the head of an
animal against that of another animal) or part relations (here:
relative size; for example, by changing an animal’s proportions).
Both types of manipulation were always calibrated for equal
difficulty in adult observers. When detecting part changes
even the youngest children performed close to adult levels. By
contrast, it was not until 11–12 years that they achieved similar
levels of performance with regard to relative size changes, i.e.,
altered part relations. The developmental dissociation between
part-relational and part-specific processing was the same for
both types of stimuli thus generalizing similar observations
by Davidoff and Roberson (2002). In a further experiment,
Jüttner et al. (2013) demonstrated that this dissociation only
applied to the recognition of metric changes, not to those at
categorical level. They used a set of novel multi-part objects,
which permitted precisely controlled manipulations of parts
and part relations at categorical or metric level, as defined
within the RBC framework. Participants were first trained to
associate the novel objects with labels (here: numbers). As in
the experiments involving animals and artifacts they then had to
judge the correct appearance of these objects when manipulated
at part-specific level or that of part relations (here again: the
object’s proportions, i.e., the relative size of its parts). For
metric manipulations of an object’s proportions, recognition
accuracy showed a similarly protracted development as in the
case of animals and artifacts. By contrast, no such retardation
was observed in the case of categorical changes of an object’s
proportions.
Using similar stimuli (Figure 1A), Jüttner et al. (2014)
generalized these findings to the attribute relative position, the
second core relational attribute of RBC. Again, even the youngest
tested children performed similarly to adults when recognizing
categorical changes of individual parts and relative part position
(Figures 1B,C). By contrast, performance for detecting metric
changes of relative part position was distinctly reduced in
young children compared to recognizing metric changes of
individual parts (Figures 1D,E). A similarly late maturation
for the processing of metric positional information has been
observed in the context of other work involving faces and objects
(e.g., Mondloch et al., 2002, 2004; Jüttner et al., 2006; Mash, 2006;
Robbins et al., 2011). It has been proposed that the retardation
might reflect late developing general perceptual mechanisms
(e.g., Crookes and McKone, 2009; Robbins et al., 2011). However,
as demonstrated by Davidoff and Roberson (2002) in control
experiments involving a paired-comparison task, children’s
inability to use part-relations for object recognition cannot be
attributed to reduced perceptual discrimination skills. Thus,
the reduced sensitivity to metric part-relational information
appears to reflect a fundamental limitation concerning the
way objects are represented in the memory of the developing
mind.
The problems young children have with the detection of subtle
positional changes of object parts are reminiscent of the well-
documented difficulty they have when assessing spatial relations
of facial features. Here it has been shown that children’s sensitivity
to detect manipulations of the distances between cardinal features
(like eyes, nose and mouth) continues to improve until at least
14 years (Carey et al., 1980; Mondloch et al., 2002; de Heering
and Schiltz, 2013). Such processing of spatial relations – also
known as second-order processing – can be contrasted with the
coarse assessment of the basic spatial layout of facial features –
their so-called first-order relations. The sensitivity to the latter
develops much earlier and may already be present in newborns
(e.g., Goren et al., 1975; Johnson et al., 1991). On this basis
it is tempting to draw a parallel between the developmental
dissociation for first- and second-order relational processing of
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FIGURE 1 | Development of configural and part-based object recognition for manipulations at categorical and metric level (adapted from Jüttner
et al., 2014). (A) Examples of multi-part objects used in the learning set of Jüttner et al. (2014). Participants were first trained to associate each object with its label
(here: the number) during the learning phase of the experiment. (B) Examples of multi-part objects used to compare recognition performance for manipulations at
categorical level. In each trial of the recognition test, a target object of the learning set (here for illustration purposes always shown in the top row) was presented with
two distracters (middle and bottom row). The distracters differed from the target in terms of either a categorical part change (left) or a categorical, configural change
of relative part position (right). Participants had to choose the correct depiction of the previously learnt object. (C) Mean recognition accuracies as a function of age
for the categorical part change and categorical configural change condition. (D) As in (B) but examples show multi-part objects used to compare recognition
performance for manipulations of parts and part relations at metric level. (E) Mean recognition accuracies as a function of age for the metric part change and metric
configural change condition. Error bars are standard errors. The dashed line at 0.33 indicates chance level.
facial features on the one hand, and categorical and metric
part-relational processing for non-face objects on the other.
We will return to this possibility in the final section of our
review.
HOLISTIC OBJECT RECOGNITION
Image-based models of object recognition have been proposed
in various forms (e.g., Ullman, 1989; Tarr and Bülthoff, 1995;
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Riesenhuber and Poggio, 1999). However, they generally assume
“holistic” object representations that are “all-in-one” or view-
like, and where object features are represented in a quasi-
pictorial, two-dimensional coordinate system. While image-
based accounts originally were presented as alternative to
structural, part-based approaches, later evidence from behavioral
(e.g., Hummel, 2001; Hayward, 2003; Thoma et al., 2004)
and neuroimaging (e.g., Vuilleumier et al., 2002; Thoma and
Henson, 2011) studies suggests that structural and image-based
representations might co-exist in the visual system. This idea
has been most comprehensively formulated in Hummel’s (2001)
dual-route model. It proposes that objects are processed in two
different formats – analytic and holistic – that are combined
into a hybrid representation in long-term memory. The analytic
pathway involves explicit structural descriptions, employing a
dynamic, attention-driven binding mechanism that operates on
an object’s parts and their relations – similar to Biederman’s RBC
model. By contrast, the holistic pathway is view-like and involves
a static, attention-independent binding of an object’s local shape
features via their relative location in a so-called surface-map.
The surface map preserves topological relations of these features,
resulting in a template-like, holistic representation.
So far, research assessing the relative extent to which the
holistic and analytic route contribute to object recognition in
children has been scarce. In the one known study, Wakui et al.
(2013) tested holistic and analytic recognition performance for
everyday objects in 7- to 12-year-old children and adults. They
used a repetition priming paradigm that involved two briefly
presented prime stimuli: one attended and the other ignored.
Priming was assessed in terms of the facilitation for naming a
subsequently presented probe stimulus. According to the dual-
route model, holistic priming should in principle be observed
both for the attended and the ignored prime stimulus. However,
given the view-like object representation used by the holistic
route the priming should critically depend on the pictorial
identity of prime and probe. By contrast, analytic priming
should result only from the attended prime stimulus. Due to
the more abstract object format implied by the analytic route,
such priming should tolerate image differences between probe
and prime as long as those permit at least a partial matching
of the underlying structural representations. In Wakui et al.’s
(2013) study, adults showed both holistic and analytic priming,
in accordance with previous work (e.g., Stankiewicz et al., 1998;
Thoma et al., 2004, 2007). By contrast, the data for children
only demonstrated analytic but no holistic priming, suggesting
a developmental primacy for part-based over holistic object
recognition.
A few other studies have assessed children’s ability for holistic
object perception by employing paradigms more typically used
to test holistic processing of faces. Cassia et al. (2009) compared
composite effects for faces and non-face objects in 3- to 5-
year-old children and adults. The study involved a matching
task between composites constructed from the top and bottom
halves of faces and non-face stimuli (here: frontal images of cars).
A composite effect, suggestive of holistic processing and indicated
by an impaired matching performance when the stimulus halves
were spatially aligned relative to a condition when they were not
aligned, was found for faces in children as young as 3 years.
By contrast, no evidence of holistic processing was observed for
non-face objects in any of the tested age groups. Meinhardt-Injac
et al. (2014) used a context congruency paradigm to compare the
processing of faces and non-faces (here: watch faces) in children
aged 8–16 years and adults. For both types of stimuli, observers
had to make a same/different judgment regarding the internal
features of two test stimuli while their (unattended) external
features differed in terms of congruency – they could either agree
or disagree. With increasing age task performance improved
more slowly for faces than non-face objects. However, holistic
processing, as assessed by the impact of context congruency, was
only observed for faces but not for watches.
The interpretation of the findings of Cassia et al. (2009) and
Meinhardt-Injac et al. (2014) is complicated by the fact that for
non-face stimuli no holistic processing was observed in adult
observers. A possible explanation could be the requirement of
structural long-term representations for holistic effects to become
manifest (Davidoff and Donnelly, 1990; Donnelly and Davidoff,
1999). In the absence of such representations, as might be the case
in non-experts for clock faces (Meinhardt-Injac et al., 2014) and
fronts of cars (Cassia et al., 2009), adults – and children – may
have predominantly relied on part-based information to perform
the tasks.
Despite such methodological challenges, the current evidence
suggests that holistic processing develops distinctly earlier for
faces than objects. For the former, such processing has been
reported for children as young as 4 (e.g., Carey and Diamond,
1994; Tanaka et al., 1998; Pellicano and Rhodes, 2003; de Heering
et al., 2007; Cassia et al., 2009) even though its maturational
progression remains controversial (e.g., Crookes and McKone,
2009; but note Schwarzer et al., 2010). For non-face objects,
holistic processing so far has only been reported in adults; for
children, this kind of processing appears not to emerge before late
adolescence.
TOWARD A COMMON FRAMEWORK
FOR THE PROCESSING OF FACES AND
NON-FACE OBJECTS
In this review we have discussed recent findings regarding
configural and holistic object processing that suggest a more
intricate relationship between the perception of objects and faces
than previously postulated. As outlined in the introduction,
over the last two decades the notion of a quasi-dichotomy
of object and face perception, illustrated in Figure 2A by
Farah’s (1996) early model, has given way to more differentiated
accounts. These acknowledge the potential contribution of parts
to recognition in both stimulus domains, as demonstrated
by the model of Piepers and Robbins (2012) in Figure 2B.
Based on the evidence presented in the preceding sections we
propose that this relationship may be even closer. Combining
elements of Hummel’s (2001) dual route model with those of the
holistic/part-based account of Piepers and Robbins, Figure 2C
shows the first sketch of a new, common framework for the
processing of faces and objects.
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FIGURE 2 | Three different models relating object and face perception. (A) According to the model by Farah (adapted from Farah, 1996) object and face
processing are largely independent from each other. (B) Holistic/part-based model of Piepers and Robbins (adapted from Piepers and Robbins, 2012). Here face
perception is assumed to be supported by both part-based and configural/holistic processing whereas object perception is only part-based. (C) Proposed
dual-route framework for the processing of objects and faces, consisting of a categorical, part-based and a metric, view-based pathway. The two routes operate in
parallel but can also augment each other. Their relative contribution is assumed to depend on stimulus domain as well as on task, and to be modulated by
developmental progression.
The proposed framework comprises two parallel pathways:
(1) a part-based route which in the case of objects encompasses
a structural (analytical) description of parts and part relations
at categorical level, in the case of faces a representation of the
first-order relations of facial features; (2) a view-based route
which both for objects and faces includes a metric, template-
like representation supporting holistic processing. It is further
assumed that part-based and view-based route interact and
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support each other. For example, part-based information may
affect view-based processing as illustrated by the impact of feature
shape on holistic face perception (McKone and Yovel, 2009).
Conversely, view-based representations may augment part-based
descriptions, facilitating the metric processing of parts and their
relations in the case of objects, and second-order configural
processing in the case of faces. At the level of holistic processing
of objects and faces, such facilitation may underlie the part-whole
effect, i.e., the superior identification performance for a part
shown in the context of a complete stimulus than when shown in
isolation (Davidoff and Donnelly, 1990; Tanaka and Farah, 1993;
Donnelly and Davidoff, 1999).
Both object and face recognition are assumed to show
a developmental transition from a coarse, categorical
representation based on parts and their relations to a dual
format that is augmented by a metric, view-based representation.
However, the developmental trajectory of this transition differs
between the two stimulus domains – possibly driven by different
task demands: subordinate identification in the case of faces,
basic-level recognition in the case of objects. For faces, categorical
representations accounting for the very early, if not innate,
sensitivity to first-order relations of facial features may soon be
augmented by a view-based representation facilitating an onset of
holistic face perception in early infancy (e.g., Tanaka et al., 1998;
Cassia et al., 2009). By contrast, for non-face objects a categorical
representation based on parts and their relations may remain
the preferred format until late adolescence. This is suggested
by part-primacy effects found in children for categorization and
similarity judgements (e.g., Madole and Cohen, 1995; Smith et al.,
1996) as well as the early maturation of categorical part-relational
processing (Jüttner et al., 2013, 2014). For both stimulus classes,
the spatial precision of view-based representations may improve
throughout adolescence. The prolonged maturation for metric
configural and holistic processing observed for faces (e.g.,
Schwarzer et al., 2010; Kadosh, 2012; Meinhardt-Injac et al., 2014)
and objects (Jüttner et al., 2013, 2014; Wakui et al., 2013) supports
this view.
The dual-route framework shown in Figure 2C does not
necessarily argue for a neuro-functional isomorphism of face
and object recognition. A category specificity for faces and
objects in the adult brain could in principle imply separate
dual representations within the well-established functional core
regions of the respective stimulus domain, like the fusiform face
area (FFA) and the occipital face area (OFA) in the case of faces,
and the lateral occipital complex (LOC) in the case of objects.
However, recent evidence from developmental neuroimaging
studies also raises the possibility that the processing routes for
faces and objects may overlap. In particular the developmental
trajectory of face specificity within the fusiform gyrus continues
to be controversial. While a few studies have reported a mature
activation of the FFA in children as young as 4 years (Pelphrey
et al., 2009; Cantlon et al., 2011) the majority observed significant
developmental changes through mid and late adolescence (e.g.,
Gathers et al., 2004; Golarai et al., 2007; Scherf et al., 2007,
2011; Haist et al., 2013). Thus, the face specificity of the FFA
may emerge gradually as a consequence of the particular task
demands of face identification (cf. also Scherf et al., 2011), leaving
room for a potentially shared processing of faces and objects in
categorization tasks at basic level.
Conceptually, such a partially shared processing of faces and
objects could be placed at the structural encoding stage of Bruce
and Young’s (1986) classical model of face perception. According
to Bruce and Young’s original account this stage encompasses
part-specific and part-relational processing as well as the (basic-
level) classification of a stimulus as a face. Based on the evidence
presented in this review we propose that it might be better
described in terms of our dual-route framework, and underlie the
basic-level categorization of both faces and objects. Information
from that stage might then feed into separate, domain-specific
modules that accommodate the different requirements of face
and object recognition at subordinate level. Future work will need
to further clarify the relative contribution of the two routes in
our framework across tasks and stimulus domains, as well as their
neurological basis.
AUTHOR CONTRIBUTIONS
All authors listed, have made substantial, direct and intellectual
contribution to the work, and approved it for publication.
ACKNOWLEDGMENTS
This study was supported by the ESRC (grant RES-062-0167), and
by the Heidehofstiftung (grant 50302.01/4.10).
REFERENCES
Abecassis, M., Sera, M. D., Yonas, A., and Schwade, J. (2001). What’s in a
shape? Children represent shape variability differently than adults when naming
objects. J. Exp. Child Psychol. 78, 213–239. doi: 10.1006/jecp.2000.2573
Biederman, I. (1987). Recognition by components: a theory of human image
understanding. Psychol. Rev. 94, 115–147. doi: 10.1037/0033-295X.94.2.115
Biederman, I. (2000). Recognizing depth-rotated objects: a review of recent
research and theory. Spat. Vis. 13, 241–254. doi: 10.1163/156856800741063
Bruce, V., and Young, A. (1986). Understanding face recognition. Br. J. Psychol. 77,
305–327. doi: 10.1111/j.2044-8295.1986.tb02199.x
Cantlon, J. F., Pinel, P., Dehaene, S., and Pelphrey, K. A. (2011). Cortical
representations of symbols, objects, and faces are pruned back during early
childhood. Cereb. Cortex 21, 191–199. doi: 10.1093/cercor/bhq078
Carey, S., and Diamond, R. (1994). Are faces perceived as configurations
more by adults than by children? Vis. Cogn. 1, 253–274. doi:
10.1080/13506289408402302
Carey, S., Diamond, R., and Woods, R. (1980). Development of face recognition:
a maturational component. Dev. Psychol. 16, 257–269. doi: 10.1037/0012-
1649.16.4.257
Cassia, V. M., Picozzi, M., Kuefner, D., Bricolo, E., and Turati, C. (2009).
Holistic processing for faces and cars in preschool-aged children and adults:
evidence from the composite effect. Dev. Sci. 12, 236–248. doi: 10.1111/j.1467-
7687.2008.00765.x
Crookes, K., and McKone, E. (2009). Early maturity of face recognition:
no childhood development of holistic processing, novel face encoding,
or face-space. Cognition 111, 219–247. doi: 10.1016/j.cognition.2009.
02.004
Frontiers in Psychology | www.frontiersin.org 6 March 2016 | Volume 7 | Article 385
fpsyg-07-00385 March 15, 2016 Time: 17:50 # 7
Jüttner et al. Development of Object and Face Recognition
Davidoff, J., and Donnelly, N. (1990). Object superiority: a comparison of
complete and part probes. Acta Psychol. (Amst.) 73, 225–243. doi: 10.1016/0001-
6918(90)90024-A
Davidoff, J., and Roberson, D. (2002). Development of animal recognition: a
difference between parts and wholes. J. Exp. Child Psychol. 81, 217–234. doi:
10.1006/jecp.2002.2659
de Heering, A., Houthuys, S., and Rossion, B. (2007). Holistic face processing is
mature at 4 years of age: evidence from the composite face effect. J. Exp. Child
Psychol. 96, 57–70. doi: 10.1016/j.jecp.2006.07.001
de Heering, A., and Schiltz, C. (2013). Sensitivity to spacing information
increases more for the eye region than for the mouth region during
childhood. Int. J. Behav. Dev. 37, 166–171. doi: 10.1177/01650254124
67727
Donnelly, N., and Davidoff, J. (1999). The mental representations of faces and
houses: issues concerning parts and wholes. Vis. Cogn. 6, 319–343. doi:
10.1080/135062899395000
Farah, M. J. (1996). Is face recognition ‘special’? Evidence from neuropsychology.
Behav. Brain Res. 76, 181–189. doi: 10.1016/0166-4328(95)00198-0
Farah, M. J., Wilson, K. D., Drain, M., and Tanaka, J. N. (1998). What is
“special” about face perception? Psychol. Rev. 105, 482–498. doi: 10.1037/0033-
295X.105.3.482
Gathers, A. D., Bhatt, R., Corbly, C. R., Farley, A. B., and Joseph, J. E.
(2004). Developmental shifts in cortical loci for face and object
recognition. Neuroreport 15, 1549–1553. doi: 10.1097/01.wnr.0000133299.
84901.86
Golarai, G., Ghahremani, D. G., Whitfield-Gabrieli, S., Reiss, A., Eberhardt, J. L.,
Gabrieli, J. D. E., et al. (2007). Differential development of high-level visual
cortex correlates with category-specific recognition memory. Nat. Neurosci. 10,
512–522.
Goren, C. C., Sarty, M., and Wu, P. Y. K. (1975). Visual following and pattern
discrimination of face-like stimuli by newborn infants. Pediatrics 56, 544–549.
Haaf, R. A., Fulkerson, A. L., Jablonski, B. J., Hupp, J. M., Shull, S. S., and Pescara-
Kovach, L. (2003). Object recognition and attention to object components by
preschool children and 4-month-old infants. J. Exp. Child Psychol. 86, 108–123.
doi: 10.1016/S0022-0965(03)00108-5
Haist, F., Adamo, M., Han Wazny, J., Lee, K., and Stiles, J. (2013). The functional
architecture for face-processing expertise: FMRI evidence of the developmental
trajectory of the core and the extended face systems. Neuropsychologia 51,
2893–2908. doi: 10.1016/j.neuropsychologia.2013.08.005
Hayward, W. G. (2003). After the viewpoint debate: where next in object
recognition. Trends Cogn. Sci. 7, 425–427. doi: 10.1016/j.tics.2003.08.004
Hummel, J. E. (2001). Complementary solutions to the binding problem in vision:
implications for shape perception and object recognition. Vis. Cogn. 8, 489–517.
doi: 10.1080/13506280143000214
Johnson, M. H., Dziurawiec, S., Ellis, H., and Morton, J. (1991). Newborns’
preferential tracking of face-like stimuli and its subsequent decline. Cognition
90, 1–19. doi: 10.1016/0010-0277(91)90045-6
Jüttner, M., Müller, A., and Rentschler, I. (2006). A developmental
dissociation of view-dependent and view-invariant object recognition
in adolescence. Behav. Brain Res. 175, 420–424. doi: 10.1016/j.bbr.2006.
09.005
Jüttner, M., Petters, D., Wakui, E., and Davidoff, J. (2014). Late development of
metric part-relational processing in object recognition. J. Exp. Psychol. Hum.
40, 1718–1734. doi: 10.1037/a0037288
Jüttner, M., Wakui, E., Petters, D., Kaur, S., and Davidoff, J. (2013). Developmental
trajectories of part-based and configural object recognition in adolescence. Dev.
Psychol. 49, 161–176. doi: 10.1037/a0027707
Kadosh, K. C. (2012). Differing processing abilities for specific face
properties in mid-childhood and adulthood. Front. Psychol. 2:400. doi:
10.3389/fpsyg.2011.00400
Madole, K. L., and Cohen, L. B. (1995). The role of object parts in infants’ attention
to form-function correlations. Dev. Psychol. 31, 637–648. doi: 10.1037/0012-
1649.31.4.637
Mash, C. (2006). Multidimensional shape similarity in the development
of visual object classification. J. Exp. Child Psychol. 95, 128–152. doi:
10.1016/j.jecp.2006.04.002
Maurer, D., Le Grand, R., and Mondloch, C. J. (2002). The many faces of configural
processing. Trends Cogn. Sci. 6, 255–260. doi: 10.1016/S1364-6613(02)01903-4
McKone, E., and Yovel, G. (2009). Why does picture-plane inversion sometimes
dissociate perception of features and spacing in faces, and sometimes not?
Toward a new theory of holistic processing. Psychon. Bull. Rev. 16, 778–797.
doi: 10.3758/PBR.16.5.778
Meinhardt-Injac, B., Persike, M., and Meinhardt, G. (2014). Development of visual
systems for faces and objects: further evidence for prolonged development of
the face system. PLoS ONE 9:e99942. doi: 10.1371/journal.pone.0099942
Mondloch, C. J., Dobson, K. S., Parsons, J., and Maurer, D. (2004). Why 8-year-
olds cannot tell the difference between Steve Martin and Paul Newman: factors
contributing to the slow development of sensitivity to the spacing of facial
features. J. Exp. Child Psychol. 89, 159–181. doi: 10.1016/j.jecp.2004.07.002
Mondloch, C. J., Le Grand, R., and Maurer, D. (2002). Configural face processing
develops more slowly than featural face processing. Perception 31, 553–566. doi:
10.1068/p3339
Pellicano, E., and Rhodes, G. (2003). Holistic processing of faces
in preschool children and adults. Psychol. Sci. 14, 618–622. doi:
10.1046/j.0956-7976.2003.psci_1474.x
Pelphrey, K. A., Lopez, J., and Morris, J. P. (2009). Developmental continuity and
change in responses to social and nonsocial categories in human extrastriate
visual cortex. Front. Hum. Neurosci. 3:25. doi: 10.3389/neuro.09.025.2009
Piepers, D. W., and Robbins, R. A. (2012). A review and clarification of the terms
“holistic”, “configural”, and “relational” in the face perception literature. Front.
Psychol. 3:559. doi: 10.3389/fpsyg.2012.00559
Riesenhuber, M., and Poggio, T. (1999). Hierarchical models of object recognition
in cortex. Nat. Neurosci. 2, 1019–1025. doi: 10.1038/14819
Robbins, R. A., Shergill, Y., Maurer, D., and Lewis, T. D. (2011). Development
of sensitivity to spacing versus feature changes in pictures of houses: evidence
for slow development of a general spacing detection mechanism? J. Exp. Child
Psychol. 109, 371–382. doi: 10.1016/j.jecp.2011.02.004
Saiki, J., and Hummel, J. E. (1996). Attribute conjunctions and the part
configuration advantage in object category learning. J. Exp. Psychol. Learn.
Mem. Cogn. 22, 1002–1019. doi: 10.1037/0278-7393.22.4.1002
Scherf, K. S., Behrmann, M., Humphreys, K., and Luna, B. (2007). Visual category-
selectivity for faces, places and objects emerges along different developmental
trajectories. Dev. Sci. 10, F15–F30. doi: 10.1111/j.1467-7687.2007.00595.x
Scherf, K. S., Luna, B., Avidan, G., and Behrmann, M. (2011). “What” precedes
“which”: developmental neural tuning in face- and place-related cortex. Cereb.
Cortex 21, 1963–1980. doi: 10.1093/cercor/bhq269
Schwarzer, G., Kretzer, M., Wimmer, D., and Jovanovic, B. (2010). Holistic face
processing among school children, younger and older adults. Eur. J. Dev.
Psychol. 7, 511–528. doi: 10.3389/fpsyg.2015.01165
Smith, L. B., Jones, S. S., and Landau, B. (1996). Naming in children: a
dumb attentional mechanism? Cognition 60, 143–171. doi: 10.1016/0010-
0277(96)00709-3
Stankiewicz, B. J., Hummel, J. E., and Cooper, E. E. (1998). The role of attention
in priming for left-right reflections of object images: evidence for a dual
representation of object shape. J. Exp. Psychol. Hum. 24, 732–744. doi:
10.1037/0096-1523.24.3.732
Tanaka, J. W., and Farah, M. J. (1993). Parts and wholes in face recognition. Q. J.
Exp. Psychol. A 46, 225–245. doi: 10.1080/14640749308401045
Tanaka, J. W., Kay, J. B., Grinnell, E., Stansfield, B., and Szechter, L. (1998). Face
recognition in young children: when the whole is greater than the sum of its
parts. Vis. Cogn. 5, 479–496. doi: 10.1080/713756795
Tarr, M. J., and Bülthoff, H. H. (1995). Is human object recognition better
described by geon structural descriptions or by multiple views? Comment on
Biederman and Gerhardstein (1993). J. Exp. Psychol. Hum. 21, 1494–1505. doi:
10.1037/0096-1523.21.6.1494
Thoma, V., Davidoff, J., and Hummel, J. E. (2007). Priming of plane-rotated
objects depends on attention and view familiarity. Vis. Cogn. 15, 179–210. doi:
10.1080/13506280500155627
Thoma, V., and Henson, R. N. (2011). Object representations in ventral and dorsal
visual streams: fMRI repetition effects depend on attention and part-whole
configuration. Neuroimage 57, 513–525. doi: 10.1016/j.neuroimage.2011.04.035
Thoma, V., Hummel, J. E., and Davidoff, J. (2004). Evidence for holistic
representations of ignored images and analytic representations of attended
images. J. Exp. Psychol. Hum. 30, 257–267. doi: 10.1037/0096-1523.30.2.257
Tversky, B., and Hemenway, K. (1984). Objects, parts, and categories. J. Exp.
Psychol. Gen. 113, 169–193. doi: 10.1037/0096-3445.113.2.169
Frontiers in Psychology | www.frontiersin.org 7 March 2016 | Volume 7 | Article 385
fpsyg-07-00385 March 15, 2016 Time: 17:50 # 8
Jüttner et al. Development of Object and Face Recognition
Ullman, S. (1989). Aligning pictorial descriptions: an approach to
object recognition. Cognition 32, 193–254. doi: 10.1016/0010-0277(89)
90036-X
Vuilleumier, P., Henson, R. N., Driver, J., and Dolan, R. J. (2002). Multiple levels
of visual object constancy revealed by event-related fMRI of repetition priming.
Nat. Neurosci. 5, 491–499. doi: 10.1038/nn839
Wakui, E., Jüttner, M., Petters, D., Kaur, S., Hummel, J. E., and Davidoff, J.
(2013). Earlier development of analytical than holistic object recognition
in adolescence. PLoS ONE 8:e61041. doi: 10.1371/journal.pone.
0061041
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Jüttner, Wakui, Petters and Davidoff. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 8 March 2016 | Volume 7 | Article 385
